The objective of this experiment was to determine the effects of carbadox on Apparent Ileal Digestibility (AID) of Amino Acid (AA) by nursery pigs. Approach: Fifteen weanling barrows (initial BW: 9.6 kg) were surgically fitted with a T-cannula in the distal ileum. Animals were randomly allocated to three dietary treatments with five pigs per treatment during a 6-period experiment. Dietary treatments included: (1) a basal diet (BD) containing mainly corn and soybean meal, (2) BD + 27.5 mg kg −1 of carbadox and (3) BD + 55.0 mg kg −1 of carbadox. Treatment diets were provided during period 2-4; the BD was fed to all pigs during period 1, 5 and 6. Ileal samples were collected on d 6 and 7 of each period. Results: In pigs fed only the BD throughout the experiment, the AID of CP and many AA was greater during period 2-4 than during period 1 (p<0.05). This showed that the AID of CP and AA increased during the first few wk of the experiment. This analysis showed that pigs fed the diet containing 55.0 mg kg −1 of carbadox had greater increases (p<0.05) in the AID of CP and most AA from period 1 to period 2-4 than pigs that were fed the diet containing no carbadox. The AID for some AA was less during period 5 and 6 compared with period 2-4 for pigs fed diets supplemented with 27.5 or 55.0 mg kg −1 of carbadox (p<0.05). This observation suggests that there is no carryover effect of carbadox on AA digestibility. Conclusion: Inclusion of carbadox at 55.0 mg kg −1 in diets fed to weanling pigs increased the AID of AA, but carryover effects of dietary carbadox were not observed.
INTRODUCTION
Antimicrobial growth enhancers have been widely used in swine feeding during the last 50 years. Growth promoting responses have been documented for a variety of antimicrobial agents including carbadox (Thrasher et al., 1969; Yen et al., 1976; 1985) . The growth promoting effects of antimicrobial agents are often associated with an improved feed efficiency, but the mechanisms responsible for these improvements have not been fully understood.
Antimicrobial agents have been suggested to reduce the concentration of pathogens in the digestive tract of pigs, which will reduce the production of amines and degradation of essential nutrients and thus allow more retention time for digestion and absorption (Cromwell, 2000) . Dietary carbadox may reduce the thickness of the intestinal wall, which will enhance absorption of nutrients (Yen et al., 1985) . Improvements of CP digestibility and retention rate by supplemental carbadox have been reported (Yen et al., 1976) and a Lys sparing effect of carbadox has also been suggested (Yen and Veum, 1982) .
However, the effects of dietary carbadox on ileal Amino Acid (AA) digestibility have been rarely studied (Partanen et al., 2001) . Therefore, the objectives of the present experiment were to determine effects of dietary carbadox on the Apparent Ileal Digestibility (AID) of AA in nursery pigs and to determine if effects of carbadox on AID of AA can be observed after carbadox is removed from the diet.
MATERIALS AND METHODS
An experiment was conducted in an environmentally controlled room at the University of Illinois. The Institutional Animal Care and Use Committee at the University of Illinois reviewed and approved the protocol for the experiment.
Animals and housing:
Fifteen weanling barrows originating from the matings of Line 337 boars to C22 females (Pig Improvement Company, Hendersonville, TN) were used in this experiment. Animals with an average body weight of 9.6 kg (SD = 0.89) were surgically fitted with a T-cannula in the distal ileum according to procedures adapted from Stein et al. (1998) . Following surgery, pigs were housed individually in metabolism crates. Each crate was equipped with a stainless steel feeder and a nipple waterer. Animals were allowed a 7 day recuperation period following the surgery and were allowed ad libitum access to feed and water throughout the experiment.
Diets, experimental design and sample collection: A basal diet was formulated on the basis of corn and soybean meal (Table 1 and 2). Two additional diets that were identical to the basal diet with the exception that 27.5 or 55.0 mg kg −1 of carbadox was included in these diets were also formulated. A carbadox premix (Mecadox, Phibro Animal Health, Ridgefield Park, NJ) was added to the diets at the expense of cornstarch to achieve the desired levels of carbadox. Chromic oxide was included in all diets as an indigestible marker and vitamins and minerals were included in the diets to meet or exceed current requirement estimates (NRC, 1998) . Animals were randomly assigned to three treatment groups with five pigs per group in a completely randomized design. All pigs were fed the basal diet during the initial 7 day period. Pigs were then fed treatment diets during the next three 7 day periods and all pigs received the basal diet during the final two 7 day periods. Ileal digesta were collected for 8 h on the 6th and 7th day of each period as described by Stein et al. (1998) . Briefly, the cap was removed from the cannula and a 225 mL plastic bag was attached to the cannula barrel, which allowed digesta to flow into the bag. Bags were removed whenever they were filled with digesta, or at least once every 30 min. All collected samples were stored at -20°C to prevent bacterial degradation of the AA in the digesta.
Chemical analysis: At the conclusion of the experiment, the frozen ileal samples were allowed to thaw at room temperature, mixed within animal and collection period and sub-samples were collected for chemical assay. A sample of each diet was collected as well. Ileal samples were lyophilized and finely ground prior to chemical analysis. All samples were analyzed for DM by drying in an oven at 135°C for 2 h and for CP using a Rapid N Cube (Elementar Americas Inc., Mt Laurel, NJ) (AOAC, 2005; method 930.15). Amino acids were analyzed on a Hitachi Amino Acid Analyzer, Model No. L8800 (Hitachi High Technologies America, Inc; Pleasaton, CA) using ninhydrin for postcolumn derivatization and norleucine as the internal standard (AOAC, 2005; method 982.30E). Prior to analysis, samples were hydrolyzed with 6N HCl for 24 h at 110°C. Methionine and Cys were determined as Met sulfone and cysteic acid after cold performic acid oxidation overnight before hydrolysis. Tryptophan was determined after NaOH hydrolysis for 22 h at 110°C. The Cr concentration in diets and ileal digesta samples was measured using an ICP method after nitric acid-perchloric acid wet ash sample preparation (AOAC, 2005; methods 990.08 and 968.088D).
Digestibility calculations:
The AID of CP and AA in samples obtained from pigs fed the experimental diets were calculated using the following equation (Stein et al., 2007) :
Where: AID AA = The AID (%) of an AA AA digesta = The concentration of that AA in the ileal digesta AA feed = The AA concentration of that AA in the feed Cr feed = The Cr concentration in the feed Cr digesta = The Cr concentration in the ileal digesta
The AID for CP was also calculated using this equation.
Statistical analysis: Data were analyzed using the Generalized Linear Model procedures of SAS (SAS Institute Inc., Cary, NC). The model included period as the independent variable and AID values as response variables. For the analysis of pooled data during period 2-4, supplemental carbadox concentration was used as an independent variable. Contrasts were used to determine the effects of dietary treatments. The animal was the experimental unit. The alpha level used for determination of significance among means was 0.05.
RESULTS
Animals remained healthy throughout the experiment and easily consumed their diets. In pigs fed the basal diet throughout the experiment (Table 3) , the AID of CP, Ile, Leu, Lys, Met, Phe, Thr, Trp, Val, Ala, Cys, Glu and Tyr was greater (p<0.05) during period 2-4 than in period 1 and a tendency (p<0.10) for an increase in the AID of His was also observed.
For pigs fed diets supplemented with 27.5 mg kg
of carbadox during period 2-4 and the basal diet during period 1, 5 and 6, the AID of His, Ile, Leu, Lys, Met, Phe, Val, Ala, Cys and Tyr increased by 4.2-7.6% units during week 2, 3, 4 compared with period 1 (p<0.05; Table 4 ). A tendency (p<0.10) for an increase in the AID of Thr from period 1 to period 2-4 was also observed. The AID of Ile, Met, Ala and Pro decreased by 3.0-6.8 percentage units in period 5 and 6 compared with period 2-4 (p<0.05). When pigs were fed the diet containing 55.0 mg kg −1 of carbadox in period 2-4, the AID of CP and all AA except Arg, Pro and Ser was greater in period 2-4 compared with period 1 (p<0.05; Table 5 ). Table 6 : Effect of supplemental carbadox on apparent ileal CP and AA digestibility changes (percentage unit) from period 1 to period 2-4 Carbadox (mg kg A tendency (p<0.10) for a greater AID of Ser in period 2-4 compared with period 1 was also observed. The AID of Ile, Met, Phe, Thr, Val, Ala and Cys decreased by 2.2-6.4 percentage units during period 5 and 6 when no carbadox was fed compared with period 2-4 (p<0.05).
--------------------------------------------------------------------------
To remove the effect of period, AID values were standardized by calculating the changes in digestibility from period 1 to period 2-4 (Table 6 ). The changes in AID from period 1 to period 2-4 for Ile, Leu, Met, Phe, Val, Ala and Asp were greater in pigs fed diets supplemented with 55.0 mg kg −1 of carbadox than in pigs fed the basal diet (p<0.05). There was also a tendency (p<0.10) for a greater increase in the AID of His and Thr in pigs fed the diet containing 55.0 mg kg
of carbadox compared with pigs fed the basal diet. However, inclusion of 27.5 mg kg −1 of carbadox in the diets did not result in significantly greater increases in the AID of AA from period 1 to period 2-4, than if the basal diet was fed. The AID of Ile, Met, Ala and Pro decreased during period 5 and 6 compared with period 2-4 in pigs fed diets supplemented with 27.5 mg kg −1 carbadox (p<0.05; Table 4 ) and the AID of Ile, Met, Phe, Thr, Val, Ala and Cys decreased during period 5 and 6 compared with period 2-4 in pigs fed diets supplemented with 55.0 mg kg −1 carbadox (p<0.05; Table 5 ).
DISCUSSION
The greater digestibility of CP and most AA during period 2-4 compared with period 1 (Table 3) indicates that CP and AA digestibility increases during the postweaning period, which may be caused by increased enzyme secretion or maturation of the gastrointestinal tract. The activities of digestive enzymes including lipase, trypsin, chymotrypsin and amylase increase by 2 fold from 28-56 day of age (Jensen et al., 1997) . All AA in the diets used in this experiment were provided in the form of proteins and no crystalline AA were used. Thus, the digestive enzyme activities may have limited protein digestion during the first period of the experiment. Older pigs have a more mature gastrointestinal tract, which allows them to better digest dietary cereals and absorb more nutrients (Graham et al., 1986 ). An increase in the AID of AA as weanling pigs became older has been previously reported (Diebold et al., 2004) . However, results of this experiment indicate that it was only during the initial few weeks of the experiment that protein digestion was limited because the AID of AA was not increased from period 2-4 to period 5 and 6. It therefore, appears that enzyme secretion in period 2-4 was sufficient to maximize protein digestion and a further increase was not attained in period 5 and 6.
In the present experiment, all pigs have an increase in the digestibility of protein and absorption of AA during the post-weaning period, but pigs fed diets containing 55.0 mg kg aware of any other data that have documented these effects when carbadox is fed to weanling pigs, but it has been shown that carbadox increases CP digestion and retention in growing pigs (Yen et al., 1976) . In growing-finishing barrows (39-83 kg) fed a high-fiber diet also had increased AID of several AA if carbadox was included in the diet (Partanen et al., 2001) . The improved CP utilization in pigs fed carbadox containing diets is associated with a Lys sparing effect of carbadox (Yen and Veum, 1982) . In addition to the increased AID of Lys in pigs fed carbadox, a reduced weight of the small intestine (Yen et al., 1985) and/or a decreased ammonia production in the gastrointestinal tract may also contribute to the Lys sparing effect of carbadox (Yen and Pond, 1990) .
The elevated AID of AA in pigs fed diets containing 55.0 mg kg −1 carbadox will result in less protein entering the hindgut. Protein in the hindgut of weanling pigs may result in increased susceptibility to diarrhea (Houdijk et al., 2007; Heo et al., 2008; Yue and Qiao, 2008) . Inclusion of carbadox in diets fed to weanling pigs may, therefore, reduce the incidence of diarrhea during the post-weaning period. The AID of AA was not increased from period 2-4 to period 5 and 6 in pig. It therefore, appears that enzyme secretion in period 2-4 was sufficient to maximize protein digestion and a further increase was not attained in period 5 and 6.
The AID of Ile, Met, Ala and Pro decreased during period 5 and 6 compared with period 2-4 in pigs fed diets supplemented with 27.5 mg kg −1 carbadox (p<0.05; Table 4 ) and the AID of Ile, Met, Phe, Thr, Val, Ala and Cys decreased during period 5 and 6 compared with period 2-4 in pigs fed diets supplemented with 55.0 mg kg −1 carbadox (p<0.05; Table 5 ). The AID of many AA decreased during period 5 and 6 when supplemental carbadox was removed from the diet compared with period 2-4. These observations indicate that the increased AID that is caused by carbadox is observed only as long as carbadox is included in the diet and the effect of carbadox disappears as soon as carbadox is removed from the diet. There is, thus, no carryover effect.
CONCLUSION
The inclusion of carbadox at 55.0 mg kg −1 in diets fed to weanling pigs increases the AID of many AA, but this effect disappears within one wk if carbadox is removed from the diet.
